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Abstract: This paper concentrates on using generalized Laguerre functions to calculate the inverse
Laplace transform. The actual application of the method is demonstrated via transforming two trans-
fer functions, one ranging within the integer-order category and the other being of the fractional-order
type.
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1 INTRODUCTION
The popularity of employing fractional order transfer functions for system description has been rising
in recent years. This trend arises from the fact that such description is more accurate for some systems.
However, using the technique is also associated with certain problems, prominently including the
significantly increased complexity of each computational cycle. The drawback then relates mainly to
the computation of the inverse Laplace transform.
2 MATHEMATICAL BACKGROUND
2.1 GENERALIZED LAGUERRE FUNCTION

















Ln(x) = L1n(x)−L1n−1(x). (3)









It then follows from formulae 2 to 4 that the Laplace transform of generalized Laguerre polynomials












Generalized Laguerre polynomials are orthogonal in 〈0,∞), with weight function w(x) = xαe−x. Us-










0 f or m 6= n
1 f or m = n
. (6)





Mittag-Leffler functions embody a generalization of the exponential function. As proposed in [4],








where Γ(k) is the Gamma function.
2.3 LAPLACE TRANSFORM OF FRACTIONAL ORDER DERIVATIVE
As outlined in [3], the Laplace transform of the Caputo fractional order derivative is




sα−k−1 f (k)(0). (9)
3 INVERSE LAPLACE TRANSFORM USING GENERALIZED LAGUERRE FUNCTIONS
In integer-order transfer functions, several well-known methods can be utilized to solve the inverse
Laplace transform. When calculating the inverse Laplace transform of a fractional order transfer
function, we can employ the formulae from [4]; the solution, however, takes the form of an infinite
series. Another (and considerably more advantageous) method is characterized in [3]; this procedure





















































This section introduces two examples of solving the inverse Laplace transform via generalized La-
guerre functions. The given procedures transform the transfer functions of an integer-order and a
fractional-order system, respectively.
4.1 INTEGER ORDER SYSTEM









































The process is illustrated by the blue line in Fig. 1.
We can nevertheless calculate the inverse Laplace transform by means of generalized Laguerre func-



























Subsequently, we can evaluate the coefficients c10 to c
1
7; the corresponding values are summarized in
Table 1. The final approximation is represented by the green line in Figure 1.
Table 1: The coefficients’ spectrum: the integer-order transfer function
i 0 1 2 3 4 5 6 7
c1i 0.8986 -0.1216 -0.3350 -0.0386 0.1048 0.0382 -0.0260 -0.0103
4.2 FRACTIONAL ORDER SYSTEM
The second example is embodied in the fractional-order transfer function
F(s) =
1



























































Figure 1: The approximation of the integer-order system
The process is plotted via the blue line in Figure 2; for the given purpose, the initial 50 terms were
utilized.
At this stage, we transform the system, using the first eight generalized Laguerre functions with the
time-scale




























It is then possible to evaluate the coefficients c10 to c
1
7; the corresponding values are indicated within
Table 2. The final approximation is represented by the green line in Figure 2.
Table 2: The coefficients’ spectrum: the fractional-order transfer function
i 0 1 2 3 4 5 6 7
c1i 0.6826 -0.2148 0.0246 -0.0288 0.0110 -0.0139 0.0073 -0.0070
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Figure 2: The approximation of the fractional-order system
5 CONCLUSION
As proposed through the demonstration above, the generalized Laguerre function is a suitable tool to
compute the inverse Laplace transform, mainly for fractional order transfer functions. Generalized
Laguerre functions converge considerably faster than Mittag-Leffler functions; however, there still
remains the question of how to choose an applicable time-scale (parameter λ), which embodies a
factor having remarkable effect on the quality of approximation.
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